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(57) ABSTRACT

A method for producing a metal sheet with a welded-on tube
which has at least partially curved sections, wherein the tube
1s guided by at least one guide element onto the sheet, 1s
pressed thereon with at least one pressure element and 1s
welded thereto at least at some points and wherein the tube 1s
bent to form the curved sections. In order to achieve the
welding-on 1n a simple manner even 1n the curved sections, 1t
1s provided that a bending 1s carried out 1n a plurality of
discrete steps, wherein 1n individual steps firstly the tube with
the at least one guide element 1s bent around a last created
welding point and thereafter a new welding point 1s created.

Furthermore, the invention relates to a device for carrying out
the method.

18 Claims, 3 Drawing Sheets
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METHOD AND DEVICE FOR PRODUCING A
METAL SHEET WITH A WELDED-ON PIPL

CROSS-REFERENCE TO RELATED
APPLICATION

The present application claims priority under 35 U.S.C.
§119 and §365 to Austrian Application No. A 694/201003
filed Apr. 27, 2010.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The 1nvention relates to a method for producing a metal
sheet with a welded-on tube, which has at least partially
curved sections, wherein the tube 1s guided by at least one
guide element onto the sheet, 1s pressed thereon with at least
one pressure element and 1s welded thereto at least at some
points and wherein the tube 1s bent to form the curved sec-
tions.

Furthermore, the invention relates to a device for produc-
ing a metal sheet with a welded-on tube, which has at least
partially curved sections, comprising at least one guide ele-
ment, by which the tube can be guided and by which bending,
forces can be transferred to the tube, at least one pressure
clement, which 1s arranged adjoimning the at least one guide
clement and presses the guided tube onto the metal sheet, and
at least one welding device arranged at the side of the at least
one pressure element, with which welding device, 1n a region
of a contact line of the tube and the metal sheet, the tube can
be welded on the metal sheet at least at some points under the
at least one pressure element.

The above-mentioned metal sheets with welded-on tubes
are generally used as heat exchangers, for example, as flat
absorbers, typically in thermal solar collectors. With flat
absorbers, heat 1s thereby transferred from the metal sheet
heated by absorbed solar rays or an absorber plate to a
welded-on tube and transferred from there to a liquid heat
transier medium located 1n the tube. For a high efficiency of
the flat absorber or of heat exchangers 1n general, a good heat
transfer 1s 1mportant, which depends at least in part on a
quality of welded joints.

2. Discussion of Background Information

According to the prior art, methods are known for produc-
ing a metal sheet with a welded-on tube, wherein, e.g., a
meandering tube 1s placed on a metal sheet and 1s welded
thereto. In a first operation, the tube 1s bent into a desired
shape, 1n a second operation a welding-on of the placed,
pre-shaped tube on the metal sheet 1s carried out. In DE 10
2005 001 435 Al, a method of this type 1s described, which
makes 1t possible to weld a tube curved 1n a meandering,
manner on the metal sheet even in curved sections of the tube.
This method produces a good result per se, but today the trend
with respect to the most efficient possible production method
1s towards removing the tube for welding on the metal sheet
directly from a coil, without previously bending 1t into the
desired shape 1n a separate operation. The method disclosed
in DE 10 2005 001 435 Al has the disadvantage that two
separate operations to be performed consecutively are neces-
sary for the bending and welding-on of the tube. In addition to
a more complicated process sequence resulting therefrom
which takes longer and takes up more space and 1s therefore
inellicient, 1t 1s also disadvantageous that a continuous con-
tact between the tube and the metal sheet cannot be achieved
or can be achieved only with great difficulty.

From the prior art, as mentioned, methods are also known,
wherein the tube 1s not arranged on the metal sheet pre-bent,
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but 1s continuously fed from a coil and bent. In a method of
this type for producing a heat exchanger described in WO
2006/0651935 Al, atube1s applied to a metal sheet from a coil
by rolls and, 1n the case of a straight course of the tube, welded
to the metal sheet 1n the same operation. In order to achieve a
curved course of the tube, a welding 1s mterrupted and the
tube 1s bent into a desired shape by a pair of bending rolls.
After the bending, the welding of the tube on the metal sheet
1s continued 1n a subsequent straight section of the tube. Inthe
method described 1n WO 2006/0651935 Al, although a num-
ber of the operations 1s reduced, the principle of the method
means that a welding of the tube on the metal sheet during the
bending or in the curved sections of the tube 1s not possible:
a contact line between the tube and the metal sheet 1s covered
by applied bending rolls in the curved sections and thus 1s not
accessible for a welding device. The lack of welding points 1n
the curved sections produces a poorer heat transier between
the metal sheet and the tube. Although the welding of the tube
in the curved sections could be carried out 1n a separate, later
operation, this in turn would lead to an inefficient method that
would take a long time.

SUMMARY OF EMBODIMENTS OF THE
INVENTION

An aim of the invention 1s therefore to disclose a method of

the type mentioned at the outset, with which a welding of a
tube on a metal sheet can be carried out 1n a simple manner
even 1n curved sections of the tube.

A further aim of the invention is to disclose a device of the
type mentioned at the outset, with which a welding of a tube
on a metal sheet can be carried out 1n a simple manner even 1n
curved sections of the tube.

The method-related aim of the invention 1s attained with a
method of the type mentioned at the outset 1n that a bending
1s carried out 1n a plurality of discrete steps, wherein 1n
individual steps firstly the tube 1s bent with the at least one
guide element around a last created welding point and there-
alter a new welding point 1s created. If welding points are
created on both sides of the tube, a bending around last
created welding points lying opposite one another 1s carried
out.

One advantage achieved with the method according to the
invention 1s to be seen 1n particular 1n that the welding of the
tube on the metal sheet 1s achieved 1n a simple manner even in
the curved sections of the tube. In particular, the welding 1s
carried out in the same operation as the bending of the tube.
Since the bending 1s carried out 1n a plurality of small discrete
steps, stable welding points are achieved, around which con-
tinuously fed tube can be bent. The fed tube can be fixed then
or after the bending by a further welding point before this
operation 1s repeated. Bending and welding thus take place
quasi continuously during a movement of the production
device 1n the same operation on one or both sides of the tube.
Thus a virtually continuous production of a metal sheet 1s
achieved with a tube welded on even 1n 1ts curved sections.
The realization 1s thereby used that the tube can be bent
around a created welding point without the tube being
detached again in the region of the welding point or optionally
welding points.

Typically, 1n each of the discrete steps first the tube with the
at least one guide element 1s bent around a last created weld-
ing point and thereafter a new welding point 1s created.

In order not to stress already created welding points too
much when bending the tube, 1t has proven usetul to keep a
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bending angle as small as possible. Preferably, the bending
angle per discrete step 1s adjusted to more than 0° to 10°, 1n

particular 0.5° to 2.5°.

The method can be carried out particularly efficiently 1f the
tube 1s guided from a coil from above onto the metal sheet.
Twists of the fed tube and thus undesirable production stop-
pages are thus avoided. If the framework conditions permit,
however, the tube can also be fed from the side.

It has furthermore proven useful to guide the tube with the
aid of a guide tube onto the metal sheet. The tube can thereby
be guided evenly with low tolerances and 1n a targeted manner
to the guide element and to the pressure element.

It 1s particularly advantageous 1if at least the last created
welding point 1s strain-relieved during bending, 1n particular
tension-relieved and/or pressure-relieved and/or shear-re-
lieved. The welding points are then less mechanically stressed
during bending and have a better quality, which promotes
good heat transfer between the metal sheet and the tube.

It has proven useful to weld the tube on the metal sheet by
a laser preferably on both sides of the tube. Of course, how-
ever, other types of welding can also be used.

The further aim 1s attained in that with a device of the type
mentioned at the outset a control unit 1s provided, which
controls the device such that 1t moves 1n a plurality of discrete
steps 1n the curved sections, wherein the device in 1ndividual
steps first bends the tube with the at least one guide element
around a last created welding point and thereafter creates a
new welding point.

One advantage achieved with the invention 1s to be seen in
particular 1n that 1t makes 1t possible to weld the tube on the
metal sheet in a stmple manner even 1n curved sections. It 1s
also advantageous 1n particular that with a device according
to the ivention the welding can be carried out quasi 1n the
same operation with the bending.

It has proven useful that at least one strain-relieving ele-
ment 1s arranged at the side of the at least one pressure
clement. Through a strain-relieving element of this type at
least the last created welding point 1s stramn-relieved during
bending, 1n particular tension-relieved and/or pressure-re-
lieved and/or shear-relieved. Furthermore, the device 1s
guided by the at least one strain-relieving element during the
bending, so that a stable behavior in the curved sections 1s
achieved. Moreover, with a suitable shape of the at least one
strain-relieving element, a postforming of the already welded
bending of the tube carried out 1in discrete steps can be
achieved.

In order to fully utilize these advantages, it has proven
usetul for two strain-relieving elements to be arranged at the
side of the at least one pressure element.

Preferably, at least one welding device 1s a laser.

It 1s advantageous 11 at least one strain-relieving element 1s
provided, which has a cutout so that a laser light beam can be
guided into the region of the contact line of the tube and of the
metal sheet.

Furthermore, it 1s advantageous if a guide tube 1s arranged
upstream of the at least one guide element, which guides the
tube to the at least one guide element and the at least one
pressure element.

BRIEF DESCRIPTION OF THE DRAWINGS

These and further features, advantages and efiects of the
invention are shown based on the exemplary embodiment
shown below. The drawings, to which reference i1s thereby
made, show:

FIG. 1 A diagrammatic plan view of a system for producing
flat absorbers;
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FIG. 2 A side view of a device according to the invention;
and

FIG. 3 A sequence of a method according to the invention
for producing tlat absorbers.

DETAILED DESCRIPTION OF EMBODIMENTS
OF THE INVENTION

The diagrammatic representation of an automatic manipu-
lating system for producing flat absorbers in FIG. 1 shows a
device 1 according to the invention for producing a metal
sheet 7 with a welded-on tube 6. A (sheet metal) coil 11 1s
provided to feed the metal sheet 7. The metal sheet 7 1s
unrolled from this coil 11, cut to length and positioned and
fixed under the device 1. The tube 6 1s unrolled from a (tube)
coil 10 and fed to the device 1. The device 1 1s connected to a
robot arm 14 and can be moved therewith.

FIG. 2 shows a side view of the device 1 for producing a
metal sheet 7 with a welded-on tube 6. The metal sheet 7 and
the tube 6 are respectively composed of aluminum or an
aluminum alloy, although other materials can also be used, for
example, copper, copper alloys and/or steels. Respectively
two welding devices 4, laser light beams 5, strain-relieving
clements 8 and guide elements 2 thereby lie symmetrically to
a plane standing on the metal sheet 7 going through the tube
6, as 1s shown 1n FIG. 3. The device 1 comprises a guide tube
9, directed upwards to the coil (not shown in FIG. 2), with
which guide tube the tube 6 1s guided from above onto the
metal sheet 7, as well as guide elements 2, which guide the
tube 6 on the metal sheet 7, furthermore pressure elements 3,
which press the tube 6 on the metal sheet 7, as well as the
referenced welding devices 4 on both sides of a pressure
clement 3. On both sides of a pressure element 3 a strain-
relieving element 8 with respectively one cutout 13 1s located,
through which respectively one laser light beam 5 can be
guided 1n the region of the contact line of the tube 6 and of the
metal sheet 7 1n order to weld the tube 6 along a plurality of
welding points and/or at least one weld line on the metal sheet
7. The strain-relieving element 8 1s thereby preferably
arranged at the side of the last created welding point. The tube
6 1s fed continuously via the guide tube 9 and the gude
clements 2 to the pressure elements 3, where the welding or
fixing on the metal sheet 7 1s carried out by the welding
devices 4.

In the production of a flat absorber, the device 1 moves 1n
a controlled or programmed manner along a desired shape of
the tube 6, wherein the tube 6 1s bent and also welded 1n its
curved sections on the metal sheet 7 1n the same operation,
without thereby having to interrupt the overall movement of
the device 1 for a longer period.

After this operation 1s ended, the metal sheet 7 with the
welded-on tube 6 1s removed by a removal device 12 from the
mampulating system, and the production of a new flat
absorber can be started.

FIGS. 3a through 3¢ show the sequence of the production
ol a metal sheet 7 with a welded-on tube 6 1n the region of a
curved section of the tube 6 in different phases. The metal
sheet 7 thereby lies 1n the drawing plane. In FIG. 3a the device
1 moves along the tube 6 to the right. The device 1 comprises
a guide tube 9, two guide elements 2, a pressure element 3 and
two strain-relieving elements 8 at the sides of the pressure
clement 3, which have respectively one cutout 13, through
which laser light beams 5 can be guided into the region of the
contact line of the tube 6 and of the metal sheet 7. In the plan
view, Tor the sake of simplicity, the strain-relieving elements
8 have the shape of a semicircle, however, the rear quarter
circle would be sufficient. The strain-relieving elements 8,
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however, can also have any other desired form, as long as they
have a strain-relieving effect. FIGS. 35 through 3¢ now show
the embodiment of a right curve of the tube 6 through the
device 1 with simultaneous welding or fixing on both sides,
1.e., on the inside and on the outside, of the tube 6 on the metal
sheet 7 1n the curved section. Bending and welding or fixing
thereby take place during the movement of the device 1. The
method therefore results 1n a quasi continuous production
with minimized dead times.

In the preferred method varnant, the bending takes place in
a plurality of discrete steps, wherein in each step first the tube
6 with the guide elements 2 1s bent around two welding points
last created on both sides of the tube 6, and thereafter two new
welding points are created. The resulting bending of the tube
6 1s thereby determined by the number of the discrete steps, by
the bending angle 1n each discrete step and by the step widths
of the individual discrete steps. The strain-relieving elements
8 are thereby preferably arranged at the side of the last created
welding points, 1.€., these elements are arranged downstream
of the pressure element 3, which 1s not discernible 1n the
greatly simplified representation in FIGS. 3a through 3e,
however. The strain-relieving elements 8 have three func-
tions:

Firstly, during a rotation of the device 1 and the bending of
the tube 6 associated therewith, the strain-relieving elements
8 exert a counter pressure 1n the region of the welding point
last created. This causes a strain reliet of these welding points
and thus leads to a higher quality of the welding points 1n the
curved sections of the tube 6. Secondly, the strain-relieving
clements 8 according to the semicircular embodiment thereof
produce an improved guidance of the device 1 along the bent
tube 6. The method thus shows a more stable behavior in the
curved sections of the tube 6. Thirdly, with coordination of
the shape or the radius of curvature of the strain-relieving,
clement 8 with the shape or the radius of curvature of the
curved section of the tube 6, the strain-relieving elements 8
cause a postforming of the bending of the tube 6 carried out 1n
the individual discrete steps. To this end, it 1s advantageous 11
the strain-relieving elements 8 can be easily replaced.

Overall, the described process sequence produces a quasi
continuous production process as it were without a stop.

A further method variant 1s characterized 1n that the weld-
ing of the tube 6 during the bending takes place along at least
one weld line. With a corresponding shape of the strain-
relieving elements 8, these cause a controlled, continuous
bending of the tube 6 according to their shape or their radius
ol curvature.

A contact pressure of one or more pressure elements 3 onto
the tube 6 can be controlled 1n the straight sections such that
the tube 6, which as a rule 1s made of aluminum or an alumi-
num alloy, 1s deformed 1n these sections, €.g., 1n cross section
to form an ellipse or a trapezoid. A contact surface to the metal
sheet 7 can thereby be enlarged and efficiency increased. In
the curved sections, however, a contact pressure 1s reduced,
since 1n these sections the tube 6 1s to be applied 1n its original
round form, because a shaped tube 1s virtually impossible to
bend around a small radius.

The mvention claimed 1s:

1. A method for producing a metal sheet with a welded-on
tube having at least partially curved sections, the method
comprising;

oguiding the tube by at least one guide element onto the

metal sheet, such that the tube 1s progressively placed in
contact with the metal sheet;

pressing the tube on the metal sheet with at least one

pressure element;
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welding the tube to the metal sheet at least at some points,

and

bending the tube 1n a plurality of discrete steps to form the

curved sections,

wherein each of the plurality of discrete steps comprises

bending the tube with the at least one guide element
around a last created welding point and therealiter per-
forming the welding to create a new welding point.

2. The method according to claim 1, wherein a bending
angle per discrete step 1s adjustable from more than 0° to 10°.

3. The method according to claim 2, wherein the bending
angle per discrete step 1s adjustable from 0.5° to 2.5°.

4. The method according to claim 1, wherein the tube 1s
guided from a coil from above onto the metal sheet.

5. The method according to claim 1, wherein the tube 1s
guided with the aid of a guide tube onto the metal sheet.

6. The method according to claim 1, further comprising
strain-relieving at least the last created welding point during
bending.

7. The method according to claim 6, wherein the strain-
relieving comprises at least one of tension-relieving, pres-
sure-relieving and shear-relieving.,

8. The method according to claim 1, wherein the tube 1s
welded on the metal sheet by a laser.

9. The method according to claim 8, wherein the welding,
the tube comprises welding the tube on both sides of the tube.

10. The method of claim 1, further comprising, progres-
stvely feeding the tube from a tube supply through the at least
one guide element.

11. A device for producing a metal sheet with a welded-on
tube having at least partially curved sections, comprising:

at least one guide element structured and arranged to guide

the tube onto the metal sheet, such that the tube 1s pro-
gressively placed in contact with the metal sheet,
wherein the at least one guide element 1s additionally
structured and arranged to transier bending forces to the
tube;

at least one pressure element, which 1s arranged adjoining

the at least one guide element and presses the guided
tube onto the metal sheet;

at least one welding device arranged at the side of the at

least one pressure element, with which welding device,
in a region of a contact line of the tube and the metal
sheet, the tube 1s weldable on the metal sheet at least at
some points under the at least one pressure element; and

a control unit configured to control the device such that the

device 1s movable 1n a plurality of discrete steps in the
curved sections, wherein each of the plurality of discrete
steps comprises bending the tube with the at least one
guide element around a last created welding point and
thereafter performing a welding to create a new welding
point.

12. The device according to claim 11, further comprising at
least one strain-relieving element arranged at a side of the at
least one pressure element.

13. The device according to claim 12, wherein the at least
one strain-relieving element comprises two strain-relieving

clements arranged at respective sides of the at least one pres-
sure element.

14. The device according to claim 11, wherein the at least
one welding device 1s a laser.

15. The device according to claim 14, further comprising at
least one strain-relieving element having a cutout structured
and arranged so that a laser light beam can be guided into the
region of the contact line of the tube and of the metal sheet.
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16. The device according to claim 14, structured and
arranged to progressively receive the tube fed from a tube
supply.

17. The device according to claim 11, further comprising a
guide tube arranged upstream of the at least one guide ele- 5
ment, structured and arranged to guide the tube to the at least
one guide element and the at least one pressure element.

18. A device for producing a metal sheet with a welded-on
tube which has at least partially curved sections, comprising,
at least one guide element by which the tube can be guided 10
and by which bending forces can be transferred to the tube, at
least one pressure element, which 1s arranged adjoining the at
least one guide element and presses the guided tube onto the
metal sheet, and at least one welding device arranged at the
side of the at least one pressure element, with which welding 15
device, 1n a region of a contact line of the tube and the metal
sheet, the tube can be welded on the metal sheet at least at
some points under the at least one pressure element, wherein
a control unit 1s provided, which controls the device such that
it moves 1n a plurality of discrete steps in the curved sections, 20
wherein the device in 1individual steps first bends the tube with
the at least one guide element around a last created welding,
point and therealiter creates a new welding point,
wherein the at least one welding device 1s a laser, and
wherein at least one strain-relieving element 1s provided, 25

which has a cutout so that a laser light beam can be

guided 1nto the region of the contact line of the tube and

of the metal sheet.
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